Abstract. More than 2.5 billion people, in more than 100 countries, are estimated to live in risk areas for the transmission of dengue. We investigated the production of Aedes aegypti immature forms in different types of containers. Larvae and pupae presence were inspected in 747 containers in 300 dwellings in Rio de Janeiro state, Brazil. The statistical significance of the differences of immature forms was calculated for different groups of recipients and classified according to the type of use, volume, and material. Containers used to store water and those classified as garbage enclosed 90.2% of the larvae and 88.9% of the pupae. We concluded that a wider covering of more regular water supply, as well as regular garbage collection, are decisive factors for an effective control of dengue vector.
INTRODUCTION
Dengue is nowadays considered an important public health problem all over the world. Its occurrence has been registered in more than 100 countries. More than 2.5 billion people are estimated to live in risk areas for the transmission of this disease. [1] [2] [3] Because there is neither a vaccine nor a specific treatment of dengue, 2 the only weak link of the disease transmission chain is its vector and therefore, efforts should be directed toward its effective control.
In developing countries, the inefficiency of the programs to control the Aedes aegypti [4] [5] [6] has resulted in a huge expansion of the dengue vector. Moreover, social-environmental conditions result in the absence or in the irregularity of water supply for a significant part of the population, causing the need to store water in reservoirs. These reservoirs have a determinant role in the vector reproduction in urban areas. 4, 5 Furthermore, because of the lack of regular garbage collection in several areas, 7 other potential breeding sites, such as bottles, cans, and other non-returnable containers, are frequently discarded in an inappropriate form.
In this article, we are concerned with exploring how different types of containers may act on the mosquito proliferation and how the knowledge on these mechanisms may help in establishing better policies to control the dengue vector. Accordingly, we focus on surveying several containers considering their type of use, volume, and material as potential factors that could facilitate Aedes aegypti immature forms production.
MATERIALS AND METHODS
The data used in this work refer to the city of Nova Iguaçu, in the State of Rio de Janeiro, Brazil, located at 22°45′33′′ South and 43°27′04′′ West, with a total area of 523,888 m 2 . Nova Iguaçu has a population of 750,485 inhabitants and a 1,413.8 inhabitants/km 2 demographic density. The average temperature and annual precipitation are 21.8°C and 2,105 mm, respectively.
We started by calculating the Breteau indexes (from the results obtained with the LIRAa/2004) for the whole region. Next, the six blocks with the highest Breteau indexes were selected. In these blocks, we monitored all potential breeding sites in a summer week between December 22 and 29, 2004. We considered as a potential breeding site all non-hermetically closed deposits containing any volume of water. All water holding containers were examined. A total of 747 containers were inspected for Aedes aegypti larvae and pupae presence in the 300 visited dwellings.
Specimens in containers under 10 L capacity were collected by suction, using rubber valves or with the aid of landing nets. In recipients with capacity above 10 L, the specimens were collected by emptying these recipients and passing water through a landing net. Unmovable recipients had the immature forms collected by the sweep-net method, proposed by Tun-Lin and others, 8 and modified by Kubota and others. 9 The collected specimens were identified with the aid of binocular bacteriologic microscopes.
The breeding sites were classified according to (i) type of use, (ii) volume, and (iii) construction material. (i) According to the type of use, the containers were classified as:
6. Fiberglass, 7. Mineral; masonry, or cement, 8. Fibrocement or asbestos, and 9. Organic (animal or vegetal originated material, e.g., egg shells, wood, foliage, etc.).
To examine possible differences in the number of larvae and pupae in different groups of recipients, based on the type of use, volume, and material, we implemented appropriate statistical tests and calculated the corresponding P values. We started by performing Gaussianity tests (for type of use, volume, and material). Because the samples were shown to be non-Gaussian distributed, we followed by using a nonparametric test, the Kruskal-Wallis. 10 This statistical test was aimed to verify whether the average numbers of larvae (or pupae) may be considered to be statistically equivalent when varying the volume (or type of use, or material). Because these tests pointed out the existence of differences in at least some of the samples, we followed by applying the Mann-Whitney test 10 to verify for possible equivalence in the average numbers of larvae (or pupae) in two-by-two tests.
RESULTS
A summary of the containers distribution concerning the presence of larvae and pupae may be found in Table 1 . The containers categorized as "others" are mainly Bromelia spp . , gutters, bottles, and basins.
The average quantity of larvae and pupae in all containers (first two columns) and restricted to positive ones (other columns) is presented in Table 2 . The largest average quantities of larvae and pupae were found in cement ground tanks. For pupae, this value is by far larger than in all other containers. For larvae, cement ground tanks were followed, although with much smaller quantities, by barrels, buckets, and jugs.
In Figures 1 , 2 , and 3 one can find the percentage of positive containers, for larvae and pupae, according to the type of use, volume, and material, respectively.
A total number of 1,515 larvae were found in the inspected containers, 57.7% of these are used for water supply, 32.5% may be considered as garbage, 4.8% are used for water flowing, 4.4% are ornamentals, 0.5% are pools, and 0.1% are related to domestic use. Notably, not a single larva was found in building foundations. One thousand eighty-nine pupae were found in the inspected containers, 69.8% in containers used for water supply, 19.1% in those considered as garbage, 7.3% in water flowing containers, 3.2% in ornamentals, and 0.6% in pools. No pupae were found in domestic use containers or in building foundations.
From Figure 1 , one may notice that the containers with the largest percentage of larvae and pupae are the ones used for water supply (water tanks, cisterns, barrels, etc.), and the ones considered as garbage (tires, can, non-returnable cups, etc.). Containers considered as ornamentals, such as aquatic plant pots, xaxim dishes, Bromelia spp., etc., and those classified as water flowing containers (drains, gutters, passage boxes, etc.) also presented larvae and pupae, although in smaller percentages, especially for pupae.
From Figure 2 , one can see that the largest percentages of larvae and pupae were found in containers with medium and large water volumes-containers bearing water volumes from 1 to 1,000 L. As the containers increase in volume, up to 1,000 L, the percentages of larvae and pupae also increase. Figure 3 shows the distribution concerning the materials used in the construction of the containers in relation to the percentages of larvae and pupae. Vulcanized rubber presented the largest percentages of larvae and pupae. However, the number of containers in this category is small ( N = 10). Those were followed by fibrocement/asbestos, used to construct water tanks. Larvae and pupae were not found in glass or organic material.
A significant difference was found for the number of larvae concerning the containers type of use ( P < 0.001). Containers used for water supply presented a significantly larger number of larvae than the containers used for water flowing ( P < 0.001), as pools ( P < 0.05), and garbage related ( P < 0.05). Moreover, though with borderline significance, containers used for water supply presented a larger number of larvae than the containers used for ornamentation ( P = 0.056) and for domestic purposes ( P = 0.061). The containers considered as garbage presented a significantly larger number of larvae than the ones used for water flowing ( P < 0.005). By focusing on the pupae, a significant difference was also found concerning different categories related to the containers type of use ( P < 0.0025). By comparing different types of containers, it was found that those used for water supply presented a significantly higher number of pupae than the ones used for water flowing ( P < 0.001), ornamentals ( P < 0.025), garbage ( P < 0.05), and a borderline significance associated to domestic use containers ( P = 0.056). A significantly higher number of pupae were verified in containers considered as garbage when compared with those used for water flowing ( P < 0.05).
Concerning volume, a significant difference was found for the number of larvae ( P < 0.0001). The containers classified as very small volume presented a significantly lower number of larvae than containers classified as small volume ( P < 0.01), medium volume ( P < 0.0001), large volume ( P < 0.0001), and very large volume ( P < 0.0001). Besides, small volume containers presented a significantly lower number of larvae than the medium volume ( P < 0.05) and large volume ones ( P < 0.015). When pupae were considered, a significant difference was also found among the different volumes ( P < 0.0001). Very small volume containers presented a significantly lower number of pupae than the medium volume ( P < 0.0001), large volume ( P < 0.0001), and very large volume ones ( P < 0.025). Small volume containers also presented a significantly lower number of pupae than the large volume ones ( P < 0.05).
A significant difference among different containers ( P < 0.0001) was shown concerning the constructing material. Vulcanized rubber presented a significantly larger number of larvae than plastic/acrylic/expanded polystyrene ( P < 0.0001), metal ( P < 0.0001), ceramic/clay ( P < 0.025), glass ( P < 0.0025), fiberglass ( P < 0,010), mineral/masonry/cement ( P < 0.0001), fibrocement/asbestos ( P < 0.025), and organic ( P < 0.0001). Fibrocement/asbestos presented a significantly larger number of larvae than plastic/acrylic/expanded polystyrene ( P < 0.01), glass ( P < 0.05), mineral/masonry/cement ( P < 0.01), and organic ( P < 0.01). In addition, ceramic/clay presented a significantly larger number of larvae than organic ( P < 0.025). Concerning pupae, vulcanized rubber also presented a significantly larger number of pupae than plastic/ acrylic/expanded polystyrene ( P < 0.0001), metal ( P < 0.0001), ceramic/clay ( P < 0.01), glass ( P < 0.005), fiberglass ( P < 0.0025), mineral/masonry/cement ( P < 0.0001), fibrocement/ asbestos ( P < 0.025), and organic ( P < 0.025). Moreover, fibrocement/asbestos presented a significantly larger number of pupae than plastic/acrylic/expanded polystyrene ( P < 0.01).
DISCUSSION AND FINAL REMARKS
Although water drains, water tanks, buckets, pots, tanks used for washing clothes, and drums represent more than 50% of the analyzed containers; the highest percentage of positive containers for larvae has shown up in tires, jugs, barrels, cisterns, and water tanks. It is worth noting that except for tires, all the others-jugs, barrels, cisterns, and water tanks-may be related to water supply deficiencies. Concerning the average quantities for larvae and pupae, again the containers with higher numbers are the ones associated with water supply-cement ground tanks, barrels, drums, cisterns, and water tanks. Others, also with high average quantities of larvae and pupae, e.g., jugs, buckets, cans, and tires, may be related to the lack of an appropriated garbage collection.
In agreement with previous reports, 90.2% of the larvae and 88.9% of the pupae were found in containers related to water supply and garbage collection. These findings are in line with those reported in Focks and Chadee 11 -80% pupae in containers used for water supply or garbage collection. Romero-Vivas and others 12 also found similar results for water supply containers, whereas Barrera and others 13 found a larger proportion of positive containers among the ones related to garbage for pupae. According to Tun-Lin, 14 vector control actions would be more efficient if those containers with the largest percentages of immature forms were selected as high priority.
In all containers a difference was found between the larvae and pupae average quantities, which can be explained by the large environmental larvae mortality rate. The smallest difference was found for cement ground tanks and tires, possibly indicating that those containers were more suitable for pupae development.
Concerning the volumes of the containers, the greater the volume, the higher the larvae and pupae rates, and the higher the average number of these immature forms. The exceptions are the very large volume recipients where the immature forms do not develop much, probably as a result of relatively poor food offer.
It is interesting to note that containers used for ornamental purposes and those related to water flowing had a smaller larvae and pupae percentage and also a smaller average quantity of immature forms. Although people may contribute to keeping mosquitoes in the environment for instance by maintaining ornamental flowing, surely the greatest share of responsibility for larvae and pupae development may be blamed on public authorities who should provide appropriate water supply and garbage collection.
Fibrocement/asbestos and vulcanized rubber presented the largest proportion of containers and the largest average values of larvae and pupae among the construction materials. This is probably because vulcanized rubber is used to make tires and fibrocement/asbestos is mainly used to produce containers for water storage. Although we cannot make an assertion at this point, it is possible that vulcanized rubber has some kind of intrinsic characteristics that favor immature forms development.
Although the absolute quantities of Aedes aegypti immature forms may vary, e.g., due to seasonality, the proliferation profile (based on relative quantities) concerning the type of use, volume, and constructing material was assumed to remain approximately constant.
In conclusion, our results reinforce the idea that public policies, such as increasing water supply coverage and improving regular garbage collection, should be a priority to obtain an effective control of dengue vector. It should be emphasized that by focusing on those reservoirs related to water supply and garbage collection, the ones with higher productivity, one would also be provoking a decrease in the mosquito proliferation in other containers, such as flowerpots and drains. Efforts for efficient Aedes aegypti control programs should mainly be concentrated on the containers that present higher productivity.
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